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.SuMMARY
.

ResultsoftensileandbendtestsonspecimensintheT6condition
from12-by12-by2k-inchhandforgiqyof7075(75S)and2014(14S)
aluminumallqyarepresentedh thisreport.Tl&ty-sixnotchedbend
specimensweretestedascantileverbeamstogetherwith48tensile
specimensofmaterialadjacenttothebendspecimens.Two-thirdsofthe
bendspecimenswere1/4inchwide.Ihthese,thecriticalextremefiber
stresseswereunidirectional..Therestofthebendspecimenswere
6 incheswide.M these,therewerebiaxialstressconditionsatthe
criticalextremefiber.Thespecimensweretakenh theaxialdirection
andinbothtransversedirections.Photogridswereappliedtoallspec-
hens. Thephotogridswerephotographedatfrequenttitervalsduring
eachtesttoprovidea recordoftheprogressofdeformation.

Markeddifferenceswerefoundinthe resultsoftensiletestson
specimensindifferentdirectionsandfromdifferentlocationsinthe
billet.Correspondingdifferenceswerefouudintheresultsofthebend
tests.

Comparisonoftheresultsfa thel/4-inchand6-inchbendspecimens
showedthatontheaveragethebiaxialstressconditionstithe6-inch
specimenscausedthestrainatfailuretobeabout0.3that ofthe
l/4-inchspecimens.Forthenarrowbendspecimensthestrainatfailure
war a Ol-inchgagelengthattheroubofthenotchwasfoundtobe
from26percentkss toIX percentgreaterthantheaveragestrain
observedintheregionoffractureofadjacenttensilespecimens.

Itwasfoundthattheuseoftheaveragetensilestrengthofmaterial
adjacenttothebendspecimensasa modtiusofmiptureindesigngave
strengbhsfrom33to43percentlessforthenarrowbendspecimensand
from18to43p=centlessfa thewidebendspecimensthanthoseobtained
inthebendtests.Whentheaveragetensilestrengthinthedirection
ofthebendspecimenwasusedasmodulusofrupturethestrengthsw=e
from33to44percentlessfm thenarrowspecimensandfrcm17to43per-
centlessforthetidespecq thanthoseobtainedinthebendtest.
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2 NACATN3729

Theratioofmoddusofrupturetotensilestrengthfa low-
el.ongationmaterialticreasedwithincreaseinstrainatfailureofthe ,,
bendspecimensandwithimreaseinstrainatfailureoftheadjacent
tensilespecimens.

3MDWDUCTION

Thepresentseriesoftestswasint&ded_togiveinformationonlow-
elongationmat=ials.ThesetestsweresuggestedbyDr.J.M.Frankland
oftheChsnce-VoughtAircraftDivisionofUhitedAircraftCorporation.
Espointedoutthatlow-ductild.tymaterialisparticularlynchchsensi-
tive;that>exceptforverymildstressconcentrations,fracturestarts
ata frees~ace (ref.1);andthat)consequently,biaxialtension
usualJyistheworstconditionencountered.Thecantileverbendspeci-
mensused’inthesetestshadnearlyUnisXLdtensioninthecritical
extremefiberfortbenarrowspecimensandhadtransversetensilestresses
aboutone-thirdasgreatastheaxialstressh theelasticrange(greater
intheplasticrange)forthewidespecimens.Thislimitedrangeof
biaxialitywasexpectedtobe sufficienttogivea measureoftheper-
formanceoflow-elongationmat=ialsunderbiaxialstressconditions.

.

Thechoiceof2014and7075almhzm-alloyhandforgingsforthe
testspecimensyasbasedontheb currentwidespreaduse;however,it

L

washopedthattheresultswouldbe afgeneralvaluefordesignwith
luw-elongationl@X3rials.

Theaubhorswishtoaclamwl.edgetheassistanceof&hermenibersof
thestaffoftheNationalBureauofStan&r&, iuparticular,thatof
Mr.SsmuelLevyandthelde Mr.A.E.McPhersonwhoestablishedthe
pr~am, Mr.C.I.Popewhoproducedthephotogrids,Mr.A.J.Altmsnn
underwhosesupervisionthetestfixturesandspechensweremade}and
Mr.D.F.Hoeschele}Jr.$whoassistedwiththetests.

TheworkdescribedhereinwasconductedattheNationalBureauof
Stan@rdSuuderthesponsorshipandwiththefinancial.assistanceofthe
NationalAdvisq CcmmitteefcmAeronautics.

Oneforgedbilleteachofalrmdmumall~ 7075and2014approximately
lf?inchesby12inchesby24incheswasobtainedfromtheAluminumCcqany .
ofAmericaintheF ccdttimandtheT41conditionrespetiively.
(Originallyabilletof201-4wasobtainedintheT6conditicm.Itwarped
excessivelyandevencrack=lwhilebeingsatiintopieces,Workonthis , ‘
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billetwasstoppedwhilethesecond
thebilletswereasforged,btithe
informationwasfurnishedastohow

cutwas being
endshadbeen
muchhadbeen

3

made.) Thesidesof
sawedsquare.No
cutfromtheendsof

thebillets.TWOcornersofthe2014-T41billetwereroundedonthe
endfromwhichthe1%:1and“Y”specimenswereeventuallytaken.-e-
sumibly,very13ttlewascutfromthatend.Thecrosssectionsofthe
billetswereslightlyoversized.

one
the
the

Themaker’sultrasonicinspectionofthe7075-Fbilletindicated
smalldefectordiscontinuity.Itslocationwasnotwithinanyof
specimens.Nodiscontinuityinthe2014-T41billetwasreportedby
msker.

Thethreeaxesofsymmetrywerearbitrarilyassignedtheletters
X,Y,andZ,asindicatedinfigure1;

EachbilletwassawedintoLOpieces.Eachpiecewasapproximately
12tithesby”12inchesbynotgreaterthan3 tithesthick,inaccordance
withthemskertsrecommendationformaximumthicknessforheattreatment.
Thepieceswerethenheat-treatedtotheT6conditionbythemaker.

Thetransverse(YendZ,fig.1)specimens,usuallyconsideredmost
likelytohavethelowestelongation,werefromthecentralportionof
thebiIlet.Notchedbendandtensilespechnensweretakenfromeach
piecesothattherewasa tensilespecimen&cm the.locationadjacentto
eachbendspecti. ~ eachtensilespechnenthemedianplanenormalto
thethicknesswasataboutthesame.levelastherootofthenotchofan
adjacentbendspecimen.Allthematerialinthegagelengthsor atthe
rootsofthenotcheswasmorethanone-tenththewidthofthebillet
fromthesidesofthebilletwiththeexceptionofabouthalfthewidth
oftheouterlmgitudinaltensilespecimens.

Thedetailsofthesamplingareindicatedin
imenintheregularsamplingwasgivena ~-synibol

(1)Thefirstsynibolindicatedthebillet.
A indicates7075-F
C indicates2014-T41.

(2)Thesecondsyniboltndicatedthepiece.
2.3.and5 asindicatedbythenunibers

figure1. Eachspec-
designationasfollows:

inbracketsinfigure1.
(&eces 1, ‘4, &d 6 weres=tasideforfuturetests.) -

(3)Thethirdsymbolindicatedthedirectionofprincipalstress.
X,Y,andZasshowntifigure1

(4)Thefourthsynibolindicatedthereferenceendofthespec-,
theendoftheslicenearestthenotchorcenterofthegagelength,as

-.
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showninfigure 1.
M indicatesmiddle
E indicatesend
L indicatesleft
R indicatesright
T indicatestap
B tndicatesbottom

(5) Thefifthsyniboltidicatedtheslice.
EVennuuibers,2 to8, indicatetensileSpec=ns(fig.1)
Oddnumbersindicatebendspecimens

Thenotchedbendspecimensweremadeintwowidths,1/4inchand6 inches,
andhadthqprofileshowntifigure2. Theyweredesignedtobetestedas
cantilever-beamspecimenswiththelargeendthereactionendandthe
notchedsideh tension.ThistypeofspecimenisespeciaUysuitable
forobtaininga photographicrecordofthedeformationduringthetest
sincetheregionofhigheststressissmallanddoesnotmovemuchbefore
failure.Thedepth-widthratiosofthebesmswere4:1and1:6forthe
l/k-inchand6-inchwidths,respectively,onthebasisoftheurdform
depthand3:1and1:8,respectively,onthe%asisofthedepthatthe
rootofthenutch.Thetheoreticalextremefiberstress0.05inch
.eithersideoftherootofthenotch,neglecting-stressconcentration
duetothenotch,differsfrmutheextremefiberstressattheroutof
thenotchby lessthan1 percent.Thenotchisa mildstress-raiser.
Thestress-concentrationfactor,intheelasticrange,attherootof
thenotchofsucha cantileverbeanris>accor~ toI?e*er(ref.2),
approximately1.4referredtotheextremefibertensilestressfora
uniformbeamhawingthedimensionsofthenetsection.Thisisequivalent
toa stress-concentrationfactorofappro~tel.y2.5referredtothe
grosssection.

ThetensilespecimenscorrespondtotheFeaeraltype-5tension
testspechenwitha 2-inchgagelengthfora sheetthicknessof1/4inch
orless(ref.3). Theywerencdnally1/8 inchthick.

A gridofI.iuesspacednmblaUy0.250milliiwter (0.01in.)apart
wasplacedononefaceofeachofttitiorementionedspecimensbya
photogridprocess(ref.4)usingI&riteemulsion.Checkmeasurements
weremadeonthe.gridsbeforethespecimensweretested.

A tensilespecimenanda compressivespecimen&th crosssections
1/2inchindiameterwereta$eninthelongitudinal’directionaniiinone
ofthetransversedirectionsfromeachbilletfordetern@ngthestress-
strainrelationstoa strahofabout1 percent.Thetensilespecimens
correspondedtotheFederaltype-ltensiontestspecimen(ref.3). The
compressivespecimenswere~ incheslong. ‘ ,.

. — .
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Thetensile
testingmachines

EROCEDURE

testsweremadeinfluid-support,Bourdontube,hydraulic
havingTate-lheryloadindicators.TheFederaltype-5 ..

specimenswereheldinT@pli.ngripsandweretestedata “crossheadspeed”
ofabout0.1inchperminute.

Thebendtestsweremadeinoneofthemachinesusedforthetensile
tests.Theprincipaldetailsofthetestf~ure canbe seeninfigure3
whichshowsa widebendspechenreadyfortesting.Thelarge(reaction)“
endofthespecimen,A,wasclampedtoa steelblock,B,whichwasbolted
totwochannels,C,restingontheloadinghead,D, ofthemachine.A
loadingarm,E,wasboltedtotheotherendofthespecimen.Load$ngwas
accomplishedthroughaball-endedpushrod,F,aboutU* incheslongwhich
wasengagedinsphericalseats,oneattachedtotheweighingheadofthe
macklneandtheother,intheloadingarmata dist=ceof20i@Mx3fim
therootofthenotchinthespecimen.Thenarrowbendspecimenswere
testedwiththesamefixture(fig.4)withadditionalblocksforcentering
andaliningthereactionendofthespecimen.Guides,G,wereprovided
nearthethinendofthespecimenandnearthepush-ralendoftheloading
armtoeldminateanytendencytowardbendingofthespecimenabotithe
@s ofitsleastmcmentofinertia.Thecrossheadspeedforthebend
testswasover1 inchperminute.Thebendtestsontheaveragetook
aboutU timesaslongforthe2014-T6specimens=a about1*timesas

4
longforthe7075-T6specimensasthetensiletests.

Recordsoft% deformationofthespecimensduringtestingwere
obtainedbyphotographingthegridwithaMicro-FileCamera,H,figures3
and4,attachedtotheloadingheadofthemachine,inwhichUnperforated
3~-mill.imeterMicro-Filepanchromaticfilmwasused.Thecamerawas
adaptedtophotographatnaturalandathalfsize.The2014-T6tensile
specimenswerephotographedhalfsize.Therestofthespecimenswere
photographednaturalsize.Illuminationwasfurnishedbytwo1~-watt
fluorescentdaylightlampswithwhiteenameledreflectorsandwiththeir
axes5 inchesfromthespecimenand2.5incheseithersideoftheaxis
ofthelens.!& specimenswereptographeaatnoloadorata small
initialloadtoobtaina basisforthestraincalcuUrbions.Photographs
weretakenatimkmalsa~q thefirstpartofthetest.New theend
ofeachtest,thecamerawasoperatedatitscontlmuousrateofabout
67framesperminute.Eachframenumber,assoonasitappearedonthe
counter,wasreadintothemicrophoneofa taperecordertogetherwith
theloadreadingsatfrequentintervals.

Measurementsonthespecimensandonthenegativesweremadewitha
comparatorhavinga microscopewhichmagnified100diametersandhaving
graduationsatintervalscorrespondingto0.001millimetertravelofthe
stage.

.- ._. —- .—_____ ..___ - —— -—.. ..— — —— ..— —— ——. _ ..—-——
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Thefracturedtensilespecimenswereexaminedtodeterminethe
locationoftheminimumlocalelongationatthefracture.A longitudinal
linethroughthislocationwasselected,alongwhichmeasurementsonthe m
specimenoronthenegativesweremade.Elongationmeasurementswere
madeonthefracturedtensilespecimensfromeachendofthegagelength
totheedgeofthefracture.Thevaluesthusobtainederesomewhatlower
thanvaluesobtained.inroutinemeasurementoftotaldistancebetween
gagemarkswhilethetwopartsofthefracturearepressedtogether.
Strainjustbeforefracturewasusuallydeterminedfrommeasurementson
thenegatives.Re_s weretakenateachintersectinggridlineinthe
vicinityofthefractureandatgreaterintervalsalongtherestofthe
gagelength.Forsomeofthe7075-T6specimensthestrainjustbefore
fracturewasestimatedfromtheresidualstraininthefracturedspecimen,
excludingthespacesinwhichlocalneckingtookplace.

Thebend-specimenphotogridmeasurementsweremadeeitheratthe
edgeofthenotchoralonga Une tangenttotherootofthenotchor
paraKleltothetangentata distanceoflessthan0.01inch.Determi-
nationsofstrainjustbeforefractureweremadefrommeasurementson
negatives. Measurementsw=e alsomadeanseveralofthefractured
7075-T6bendspecimens.

.
Thetensileandcompressivespecimenswithroundcrosssectionswere

testedinthetestingmachineusedformostoftheothertests.A pair
ofTuckerman@iCal
measurestrain.The

stratigageswitha l-inchgagelengthwasusedto --
stressratewasapproximately2,000

Theresultsofthe
* weremibjectedto

Theresultsofthe
photogridspecimensare

RESULTS

TensileandCompressiveTests

tensile endcompressivetestsin
strain~ to1percent~e given

tensiletestsofthe7045-T6and

psi/rein.

whichthespec-
intable1.
the201&-T6

givenintablesII(a)&d II (b),respectively.

The7075-!c6specimensshowedmrkeddifferencesintensileproperties
withdirection.Also,forspecimensinonedirection‘therewasoftena
greaterMff=encebetweenspecimensfromthesameslicethanbetween
specimensh thesamerektiveticationins~ces6 to9 fichesapart.
The“E”groupoflongitudinalspecimenshadthehighestelongationh
2 inches.Theelongationforthe“M”groupoflcmgit~ specimens
averagedabout0.6ashighasthatforthe“E”group.Thetransverse
specimensh theY-directionhadthelowestelongationsendtherewas
littleMfferencebetweenthetwo~oups. Theelongationsofthe

.
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transversespecimensinthe
groupwhichhadelcmgations
andthe“T”gl?O~whichhad
transversespecimensh the

7

Z-directionfelJ.intotwogroups,the“B”
slightlyabovethepoorerlongitudinalgroup
elongationsaboutthesameas
Y-directicm.Thedifferences

stfengthwerenot.somarked.However,foreachdirection
valuesoftensilestrengthforthetwogroupswereinthe
theavd%geelongations.

Thedifferencesintensilepropertiesofthe2014-T6

thoseofthe
intensile
theaverage
sameorderas

spec* in
the threedirectionsorbetween”groupsofspecimensa+ordingtolocation
werenotnearlysomarkedasthedtPferencesintensilepropertiesof
the7075-T6specimens.ThetransversespecimensintheY-directionhad
thehighestaveragetensilestrengthendelongation.Theywerefollowed
bythelongitudinalspecimensandbythetransversespecimensinthe
Z-directioninthatorder.

Morethanhalfthetensilespecimensbrokeoutsidethemiddlethird
ofthegagelength.Whilethisniey‘haveaffectedsomboftheindividual
valuesofelongationin2 inchesthereislittlelikelihoodthatthe
groupdifferencesdiscussedpreviouslywereAffected.

Outof24specimensofeach%aterial,only4 ofthe7075-T6specimens
and2 ofthe2014-T6speck brokewithin.I-/8inchofthelocation
correspondingtotherootofthenotchofanadjac~tbendSpech.
Thesewereallamongthemoreductilespecimens.

Thefive7075-T6specimenswhichbrokeata strainoftier~ per-
centandtheeight2014-T6specimenswhichbrokeata strainofover
5 percentin2 inchesweret- onlyonesforwhichtheloadbecamecon-
stantordecreasedbeforefracttie.

Cracksappearedh someofthetensilespecimens(insomeofthe
bendspec*, also)beforefracture.Usuallythesecrackswerenat
associatedwiththefinalfracture.A viewofspechenA5ZB4afterthe
fractureisshown”infigure5(a).ThisspecimenBrokeata stressof
~~~ psiandatanaveragestrainh 2 inchesofover8percent.
Althoughseveralcrackswerevisibleinthephotographtakenlessthan
a secondbeforefracture(fig.5(b)),therewasnoevidenceofcracks
_ t~ linewherethefkctureoccurred.-e weredefiniteindica-
tionsofthecrackpointedoutbythearrow(s@wn~ fig.>(b))ina
photographtakenabotia mhutebeforeata stressof70,400psianda
straiuofabout5 percent.

Valuesofstrainh 0.01inchjustbeforetiactureareshownh
figure6(a)togetherwithvaluesofresidualstrainobtainedfrommeasure-
ments,afterfracture,onthesametensilespecimenh theregionofthe
tiacture.Furthers~ inthelast&actionofa secondbefore
fracturewaslimitedtoa verysmall‘region.

.- —... .—. _ —-... —- ——. .— - — .-— — ---- --
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Valuesofstrainin0.1inchforthetensilespecimensjustbefore
fracturearegivenintableIIforcomparisonwithcorrespond%values
ofstrainforthebendspecimens(tableIII).Themeasurementsofstrain -
obttiedfromphotographsofthetensilespecimensjustbeforefracture
showedthatforneerly-allthespecimens,otherthanthoseforwhichthe
loadbecameconstantordecreasedbeforefracture,themaximumstrain
h O.1inchcouldbe obtainedwithin~0.005from

Maximumstrainin0.1inch= 5x Stralnin2inches-om25
4 .

BendTests

Theresultsofthetestsofthe7075-T6andthe2014-T6notchedbend
specimensaregivenintableIII.

Valuesofstrainin0.01inchjustbeforefracturesreshownin
figure6(b)togetherwithvalhesofresidualstrainobtatiedfrommeas-
urements,afterfracture,onthesamenarrowbehdspecimenneartheroot
ofthenotch.Thebendspecimenwasadjacenttothetensilespecimen
forwhichsimilardataareshowninfigure6(a).stratiaccompanying .
thefkactureofthebendspec* wasnotsolocalizedasthatforthe
tensilespecimens. .

Ingeneral,thevaluesofmodulusofruptureandofextremefiber
stratiti0.1inchjustbeforefracturefel.1intothesamegroupingsas
thecorrespmdingtensilestrengthsandel.cmgationsin2 inches.For
themoreductilegroupsthevaluesofmodulusofruptureforthewide
spec* wereaboutthesameasthoseforthenarrowspecimens.For
thelessductilegroupsthevaluesofmodulusofruptureforthewide
specimensweremuchlessthanforthenarruwspecimens.Theextreme
fiberstraininO.1inchjustbeforefracturewasineachcasemuch
smallerforthewidespecimenthanforthenarrowspecimensofthesame
group,theaverageratiobeingabout0.3.Thestrainin0.1inchjust
beforefractureforthenarruwspecimensvariedfrom26percentlessto
150percentmorethanthec~espondhgaveragestrainforadjacent
tensilespecimens.

METBDDSC@ANALYSIS

Ratiosofmodulusofruptureofa bendspecimentotheawerage
tensilestrengthoftheadjacenttensilespecimens(table111)varied
from1.50to1.76forthenarrowspecimensof7075-T6,from1.46to “
1.~ forthenarrowspecimensof2014-T6,from1.27to1.76forthe
widespecimensof7075-T6,- from1-22to1.68forthetidespec~ens .
of2014-T6.

. . .. . ..— — —-—
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Ifthetensilestrengthsofadjacentspecimensaretakenasvalues
ofmodulusofruptureindesign,thedesignstrengthswouldbefrom
0.57to0.68timestheobservedvaluesforthenarrowspecimensand
from0.57to0.82timestheobservedvaluesforthewidespecimens.
Similarly,theratiosofaveragetensilestrengthinonedirectionto
observedvaluesofmodulusofruptureofspecimensofthesamemsterial
inthesamedirectionvaryfrom0.56to0.67forthenarrowspecimens
andfrom0.57to0.83forthewidespecimens.

Ratiosofmodulusofrupturetotensilestrengthgenerq
increasedwiththeextremefiberstraininO.1inchjustbefore
fracture(fig.7). Forthenarrowbendspecimenstheequation
Modulusofrb@mre 1.43”+ 2.6% representsthedatawithin~0.05for
Tensilestrength=
valuesof ~ ‘between0.02and0.08where~ istheextremefiber
straintn0.1inchinthebendSpecb justbeforefracture.Forthe
moreductilespecimenstheratioofmodulusofrupturetotensile
strengthwassomewhatlowerthanthatgivenbytheequation;huwever}
forthesespecimenstheratiowas1.58orabtie.

Theeffectoflowductilityismuchmoremsrkedforthewidebend
specimens.Forthesespecimenstheeqyation
Moa.ulusofrupt
Tensilestr~”he=

1+ 27.5% representsthetitswithin@.16 for

tiUeS of ~ betweeno.c08and0.022.Fortheotlm?specimensthe
ratioswe 1.69orabove.

Similarrelationsholdwithregmltotheaveragestrafn~ in
2 inchesjustbeforefractureh tensilespecimensadjacenttothebend
specimens(fig.8). Thisendlesonetoestimatemodulusofrupture
fromthetensiledata.Forallthenarrowbendspecti, themodulus
ofruptureequals(1.5~ O.1+ 2et)thesthetensilestrength.For
thewidebendspecimens,withtheexceptionofthosewithratiosof
mdulusofrupturetotensilestrengthabove1.6andstrainsofadjacent
tensilespecimensabove”6.5percent,themodulusofruptureequals
(1~ 0.I-2+ 12.5~t)timesthetensilestrength.

DISCUSSION

Thebehavior,duringmachining,ofthemiterialfromwhichthespec-
. imenswememade-cates thatresidualstressesinthespecimens“were

verysmallorwerequitelocalized.Therewasverylittlewarpingduring“ themachidngandthetensilespecimenswereasstraightas,orstraighter
than,thoseusualJyobtainedfroma flatsheet.Theeffectsofresidual
stresseswerevividlyshownbythewaz@ngandspontaneoussplittm

..-. .. --—- _______ ._.. _ —— _____ _ ..
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whichoccurredduringthesawtngofthe201k-!J!6billetuponwhichwork
wasdisconttiuedduringthesecondcut. .

Themsrkddifferencesintheelongationsafspec* h thesame
direction,butwiththeirtestsectionsori@nallyabout4 fichesapsrt
inthebillet,showtheimportanceofadequatesamplinginobtaining
representativemechanicalpropertiesinlargeforgings.Whilethecor-
respondingUff-encesintensilestrengthwerenotgreat,becauseof
therelativelylowslupesofthestress-straincurvesabovestrainsof
1 to~~percent,&erences ixielongationwouldresultinappreckbl.e
differencesintensilestrengthforspechensbreakingatlowerstrains.
An explanationofthedifferencestnelongationwithdirectionandwith
locationwbuldrequiremetallograpbicexaudnationswhich~e outsidethe
scopeofthisinvestigation.Hbwever,itseemsreasotiletosuggest
thatthedirectionalmetallurgicalcharacteristics,bothofa forging
atpointsofgreateststressandofthetestspecimens,shouldbe con-
sideredinsal@ingtheIIlstaial.

A gagelengthof0.1inchwaschosenasthebasisofthestrainand
elongationmeasurementsforseveralreasons.Thetheoreticalextreme
fib= stress,neglectingthestressconcentrationduetothenotch, .
-ied.bylessthan1 percentovera gagelengthof0.1inchsymmetrical
totherootofthenotchinabendspecimen.A gagelengthofthis
orderemibles&e toobtainfairlyconsistentmeasurementsofstrati .
despitelocal@regularitiesintheyieldingofthematerialandpossible
qerhentd errors.l!herelationbetweenstratninO.1inchandstrain
in2 inches,whichwasfoundtoholdforthelessductiletensilespec-
imens,madepossiblea comparisonafthestrainh O.1inchjustbefore
fractureinthebendspecimenswiththestradnin2_inchesjustbefore
fractureh thetensilespecimens.Thelattermaybeobtainedwithan
autographicstress-stradnrecor- operat@tofracture.

Comparisonofstrainjustbeforefracturewithresidualstrainafter
fractureshowedthatthestrainingassociatedwiththefracturewasmuch
morelocalizedinthetensilespecimensthanh thebendspecimens.This
indicatesthatthestrainjustbeforefractureisthebetterbasisfor
cmnpsrisonofthetensileandbendtests.

StressconcentrationduetothenotchdidnotseemtoafYectthe
resultsofthebendteststoaq greatextent.Computationsofmoment
weremadeforfourofthenarrowbendspecimensontheassumptionthat
thestraingradientwaauniformfromthestratnattherootofthenotch
toanequalbutnegativestrainattheoppositeedgeofthesection.
Thestressdistributionwasinaccardsncewithan“average”stress-strti
relationintensionandcompression.Thiswasobtainedfromtensiledata“ u
fortheadjacentspecimensby computingthetruestressescorresponding
toseveralvaluesofstrtiandadjustingthisstress-strainrelation
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fortheclifferencebetweenthetensileyieldstrength(offset= 0.2per-
cent)andtheaverageofthetensileandcompressiveyieldstrengths.
Theexperimentalvaluesofmomentwerefrom1.7percentlessto7.7per
centgreaterandaverage2 percentgreaterthanthecalculatedvalues.
13?thestress-raisingeffectofthenotchhadbeenconsideredinthe
Calcuktions,theaveragedifferencewouldhavebeenstillgreater.
However,theeffectofevensuchmildstress-raisersasthesewouldbe
expectedto’be seriousformaterialwithelongationnearzero.

Thegreatlyreducedvaluesofextremefiberst- inthewidebend
specimensjustbeforefractureascomparedwiththecorrespoa strains
inthenearbynarrowspecimensmaybeattributedWgely tothebiaxial
stressconditionsinthewidespecimens.Itispossiblethatthedif-
ferencesmayhavebeenincreasedbya sizeeffect,asindicatedbythe
notchbendtestsreportedh reference5. Inthosetestsa highly
biaxialstresspatternwasinducedbya s- notch.Bendtestsof
geometricallysimilarspecimensshowedthatthefinalstraindecreased
asthesizeofspecimenwasincreased.Datatoevaluatetherelative
effectsofbiaxislityandofsizeofspecimenwerenotobtainedeither
inthosetestsor@ thepresenttests.

Themodulus-of-rupturevaluesforwidebendspecimensadjacentto
tensilespecimenswhichelongatedwithoutincreaseofloadorshowed
significantlocalizedyieldingwerea~roximatelythesameas.thosefor
thecorrespondhgnarrowbendspecimenseventhoughthestrainsjust
beforefracturewerenmchlower.Apparently,themomentrequiredfor
theinducedtransversestresseswasapproximatelyequaltothedecrease
inmomentduetothelowerstrainbeforefracture.Forthelessductile
materisl,thestressgradientscorrespondhgtothedifferencesh
breakingstrainweregreatersothatthenetchangesinmomentwouldbe
decreases.This.wouldaccountforthemodulus-of-rupturevaluesforthe
lessductilespecimensbeinglessforthewidethanforthenarrow
specimens.

Nodefiniteinformationastothebehaviorofmaterialwithelon-
gationnearzerowasfurnishedbythesetests.Theluwestnetelonga-
tionwas1 percent(1.5-percentstandardelongation)andthecorre-
spondingstrainin0.1inchjustbeforefracturewas242percent.The
extremefiberstrainsin0.1inchjustbeforefracturewere2.2percent
and0.8percentforthenarrowandwidebendspecti, respectively.
Ifthesamerelationshipbetweenthelimit~ strainsofthemrrrowand
widespecimensshouldholdformaterialwithelongationapproaching
zero,theratioof~dtiw ofwture totensilestrqh WOW beMU*
lessthanoneforspec-s ofsuchmaterialinwhichhigh2ybiaxial
stressconditionsexist.

.. . .. . —— —.—.. -—. . —. -— . —— — - ..-
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CONCLUSIONS

“

TensileandbendtestsonmaterialintheT6conditionwhichwas
Cutfrom1.2-by12-by21t-inchhandfm?gingsOf7075and2014ahminum
alloyleadtothefollcmdhgconclusions:

(1) Thestressandstradaatfailurevarieswiththelocationand”
thedirectionofthespechnenintheforging,butthereisnoconsist-
entrelationbetweenthevaluesforspecimensparalleltothedirection
ofthelengthofthe”forgingandthevaluesforspecimensineither
trsmaversedirection.This,togetherwiththevaridbili.tyshownby
specimensh thesamedirection,showstheneedforadequatessmpling
h determbingtheprcrp~iesofbrgeforgings.

(2)Biaxialtensilestressconditions,resultingfrominduced
transversestressesconibinedwithdirectbendingstresses,causefracture
tooccurata muchlow= strtithanforbendspecimensinwhichthe
criticalstressessreuniaxial.Thisresultsina markedreductionin
strengthforluw-elongationmaterialbutnotformaterialwhichyields
apprectiblyundertensilestressatthemaximum@ad.

(3)~ useofthet~~ stre@h ofad.jacatuterialformcdulus
.

ofruptureindesignresultsinconservativevaluesforsoundmaterial
withlittleresidualstress,ifthecriticalstresspatternisuniaxial .
or,ifbiaxl.sl,formaterisAwithne-telongationof1 percentorgreater.

(4)~ ratioofmod~usof~twe totensilestrengthforlow-
elongationmaterialincreaseswithincreaseinstrainatthebeginning

NationalBureau
Washington,

ofS%ndads,
D.C.,August2>1954.
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WAELEI.-RESULTSOFTENSILEAMDCOMPRESSIVEZ!ESTSlUlPERCENT

STRAINONSPECIMENSFROMALUMIIWJM-AILOYFORG~GS

Test

7075-T6:
Tensile
Compressive
Tensile
Compressive

2014-T6:
Tensile
Compressive
Tensile
Compressive

Direction

Longitudinal
Lcmgitudinal

Transverse
Trasverse

Longitudinal
Longitudinal
Tmmsverse
Trsmsverse

Locationin
billet(between
specimens)

A3XE4andA3XM4
A- andA3.XM4
A2YL6andA2YR6
A2Y16endA21R6

C3XE4sadC3XM4
C3XE4andC3XM4
c5~ andc5zTk
C5ZB4sndC5ZT4

Yield
strem@h,ksi
(offset,

0.2percent)

66.3
69.6
63.7
68.0

58.3
5997
g.:

●

-1Initial
Ulodlitslsof
elasticity,

ksi

lo,y30
10,300
1.o,200
10,200

10,600
10,600
10,600
10,6W

I

“

—... . —
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3.3 5.2
2.9
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Amra@I&
2
.6 2.1
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~:; 1.8 %;
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A~ X 64:9 3.0
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(a) After fracture.
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(b)Beforefracture.
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5.-PortionofspecimenA5ZB4..
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TensilespecimenA3XM4.
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F ILooationof fraoture

— Strain just before
fracture
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Figure6.-Strain In 0.01inchin vicinityof fracture.
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Figure 8.- RelationbetweenemregemaximumstrainIn 2 inches in tensile
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